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57 ABSTRACT 

The present invention relates to a process for the regenera 
tion of the resins in a fixed double-bed type ion exchange 
apparatus and the apparatus thereof. Said process of regen 
eration comprises of following Steps: Supplying a dilute 
regeneration Solution to flow upwardly to backwash and 
pre-regenerate the resins, immersing Statically the resins 
with Said dilute regeneration Solution; Supplying a regen 
eration Solution with higher concentration to flow upwardly 
to further regenerate the resins, Supplying water to pass 
upwardly to replace Said concentrated regeneration Solution; 
and finally Supplying water to pass downwardly to wash the 
upper part of upper resin layer, upper resin layer and both 
resin layers in turn. Said apparatus is characterized in that a 
lower discharging means for regeneration is disposed around 
the boundary Surface of the two layers of resins. 

2 Claims, 1 Drawing Sheet 
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PROCESS FOR THE REGENERATION OF 
ION EXCHANGE RESINS IN A FIXED 
DOUBLE-BED TYPE APPARATUS 

FIELD OF THE INVENTION 

The present invention relates to a process and apparatus 
for the regeneration of resins in a water treatment apparatus, 
particularly to a process and apparatus for the regeneration 
of ion exchange resins in a fixed double-bed type apparatus, 
in which the ion eXchange resins are of weak type and Strong 
type. 

BACKGROUND OF THE INVENTION 

Since the double-bed type ion-exchange apparatus for 
water treatment (hereinafter referred as double-bed) has 
been developed, its unique advantages have aroused wide 
concerns. During the application of Such double-bed type 
apparatus, in order to obtain water having good quality after 
treatment, it is necessary to keep both the Strong and weak 
resins in a State of proper Separation, namely the Strong and 
weak resin Should possess an adequate difference of wet true 
density So that they can Separate off from each other by 
hydraulic backwashing and Sieving. It is generally required 
that the difference of wet true density of cation double-bed 
should be over 0.09 and that of anion double-bed should be 
in the range of 0.04-0.051. However, after the resins lose 
their efficacies, the Separation of Said two layers resins 
becomes difficult because the difference of wet true density 
between them are two small. Especially for those double 
bed comprised of anion eXchange resin, Such problems 
become more obvious. Therefore, the development and 
application of this technology are greatly restricte. 
With the purpose of solving this technological problem of 

Separating the two layers of ion exchange resins, two pro 
ceSSes are disclosed in prior art. One is mechanical partition 
For example, Japanese Patent Application No. 62-284999 
describes a two-chamber fixed double-bed type ion 
eXchange resin apparatus and Japanese Patent Application 
No. 59-29902 discloses a floating double-bed type appara 
tus. Both the two apparatuses as described above use a 
partition disposed between the Strong and weak resin layers 
which only allows liquid to permeate and does not allow the 
resins to pass therethrough to prevent the intermixing of 
Strong and weak resins. Theoretically, Such means can Solve 
the above-mentioned problems, but in practical operation, a 
Washing tower disposed out of the apparatus is needed for 
cleaning the resins periodically. Since the same System is 
jointly used for the two types of resins, if the resins are not 
completely transferred, or resins exist in the dead corner of 
pipes or in case of inadequate operation and malfunction 
occurring in intermediate water chamber (e.g. relaxing or 
breakage of the water valve bonnet), the phenomena of 
mutual ting between the two types of resins will inevitably 
arise. Besides, two types of resins in Said fixed double-beds 
can not be effectively compacted, which leads to "layer 
confusion” during the counter-flowing regeneration and 
results in an unideal effects of regeneration. Whereas Since 
there is no deep backwash during the regeneration in floating 
double-bed, thus the organics, Suspensions and colloid Silica 
trapped by the resins can not be removed during generation, 
which result in Serious pollution of the resins, decrease of 
eXchanging capacity, Serious breakage of resins and no 
thorough regeneration in upper protecting layer, resulting in 
unideal results of regeneration, even unqualified regenera 
tion and increase of acid-alkali consumption. In addition, the 
broken resins blocking in the water valve bonnet of the water 
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2 
chamber causes uneven distribution of water flow and 
increases the resistance to operation which are unfavorable 
for operation and regeneration. Furthermore, it is very 
difficult to clean the resins in the water valve bonnet, it needs 
an additional resin wiping equipment disposed out of the 
main body, resulting in further complicated Structure of the 
apparatus, thus increasing equipment investments and Space 
occupation and making regenerating operation more com 
plicated. 

Another regeneration process of fixed double-bed type ion 
eXchange resin apparatus in the prior art uses a separation 
method of hydraulic Sieving plus chemical conversion and 
hydraulic Sieving. This method accomplishes effective Sepa 
ration utilizing the fact that the difference of wet true density 
between two types of resins after resin regeneration being 
increased But Said method needs Strong hydraulic backwash 
each time and needs further Strong hydraulic backwash after 
the completion of regeneration. In this way, it not only 
increase Self-consumption of water, but also makes opera 
tion complicated, and it is not favorable for realizing auto 
matic control. In addition, this method also has the problem 
of “confusion layer when counter-flowing regeneration 
method is used. Although co-flow method does not have the 
problem- of “confusion layer', it has low efficiency of 
regeneration, inferior water quality after treatment and high 
Specific consumption of regeneration. Furthermore, Said 
method needs larger Space for backwashing, thus decreases 
the degree of Space utilization for apparatus. 

OBJECTS OF THE INVENTION 

Therefore, in order to overcome the shortcomings 
described above, one object of the present invention is to 
provide a new process for the regeneration of ion eXchange 
resins in a double-bed type apparatus, which, by means of 
Simultaneous chemical regeneration and hydraulic Sieving, 
can effectively Solve the problems of Separating two layers 
in a double-bed and the “confusion layer” during the regen 
eration of resins, etc. and decreases the Space occupied by 
the apparatus. 

Another object of the present invention is to provide a 
water treatment/resin regeneration apparatus using Said 
regeneration process of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to a process for the regen 
eration of the resins in a fixed double-bed type ion exchange 
resin apparatus, comprising the following Steps: 

(1) Supplying dilute regeneration Solution upwardly from 
the bottom of said double-bed to backwash-pre 
regenerate the resins, discharging Said Solution after 
regeneration from the top of the apparatus, wherein the 
concentration of Said regeneration Solution is 0.1-3% 
by weight and the flow rate is 3-10 m/h, the amount of 
regeneration agents used in this Step accounts for 
10-90% by weight of the total amount of the regen 
eration agents as used; 

(2) keeping said regeneration Solution the apparatus Stati 
cally for 1-30 minutes after said dilute regeneration 
Solution for pre-regeneration has been completely Sup 
plied; 

(3) Supplying the remained regeneration Solution 
upwardly from the bottom to the top of the apparatus to 
regenerate the resins, discharging Said Solution after 
regeneration from the upper portion of the upper resin 
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layer in the apparatus, wherein the concentration of 
Said regeneration Solution is 1-10% by weight and the 
flow gate thereof is 2-6 m/h; 

(4) Supplying pure water upwardly from the bottom of the 
double-bed to the top to replace the regeneration Solu 
tion for 20-60 minutes; 

(5) Supplying water downwardly to wash firstly the resins 
in the upper portion or the upper resin layer and 
discharging the used water after wash from the upper 
portion of the upper resin layer, then in the same 
manner, Washing the resin of the upper resin layer and 
discharging the used water from a location around the 
boundary Surface of the upper resin layer and the lower 
resin layer, and finally washing the whole double-bed 
resin. 

According to the process of the present invention, in 
which the regenerating process in step (3) can be conducted 
with or without the presence of top pressure. 

The present invention also relates to a fixed double-bed 
type ion eXchange resin generating/treating apparatus for 
water treatment using the regeneration process of the present 
invention, which comprises: devices for Supplying and dis 
charging water disposed at the top and at the bottom of the 
apparatus respectively, casing, upper discharging means 
used for regeneration, weak acidic (basic) resin layer and 
Strong acidic (basic) resin layer, characterized in that a lower 
discharging means used for regeneration is disposed around 
the boundary Surface of the two resin layers inside the 
casing. 

Compared with the prior art, the proceSS and apparatus of 
the present invention for the regeneration of double-bed type 
ion-exchange resin have the following advantages: 

Firstly, due to the high flow rate and low concentration of 
the regeneration Solution used for the regeneration proceSS 
of the present invention, the backwashing, regenerating and 
Separating of the resins can be carried out Simultaneously, 
with the results of simplifying operation procedures, Saving 
water for backwashing, decreasing the amount of Self 
consumption of water and the amount of waste water being 
discharged. Furthermore, the density of waste regenerating 
Solution is higher than that of water, allowing Suspensions 
and broken resins be removed more easily with a better 
results of backwashing 

Secondly, during Said pre-regenerating Step the weak type 
resins are regenerated first, and the Strong type resins are 
mostly Still keep its non-regenerating State, So that the 
difference of wet true density between the two types of 
resins is increased, resulting better effects of resins Separa 
tion. 

Thirdly, due to the Steps of Statically regeneration prior to 
counter-flow regeneration, the phenomena of confusing 
layer and deviating flow in resins can be limited during the 
later period of regeneration, improving the regeneration 
degree of resins and the eXchange Volume of operation. 

Fourthly, the expansion Space for backwashing of double 
bed type apparatus can be decreased by use of the regen 
eration process of the present invention, improving the Space 
utilization of the apparatus. 

Fifthly, an additional lower discharging means in accor 
dance with the present invention enables to take a stepwise 
Washing procedure, improving the quality of water after 
treatment, Saving the amount of water consumed during the 
regeneration and also Saving the time for Washing. 

Sixthly, the upper discharging means is disposed at a 
place 100-200 mm below the surface of the upper resin 
layer, and its relative height increases along with the 
increase of the Space occupied by the resins. 
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4 
Seventhly, no hydraulic backwashing pipe System is 

attached beyond the main body of the apparatus of the 
present invention, resulting in Simplified System and easier 
realization of program control and automation. 

BRIEF DESCRIPTION OF DRAWING 

FIG. 1 shows a sketch view of the fixed double-bed type 
ion eXchange resin regeneration/water treatment apparatus 
according to the present invention. 
The present invention will be described in detail hereafter 

according to the accompanying drawing and Examples. 
As shown in FIG. 1, the fixed double-bed type ion 

eXchange resin regeneration/water treatment apparatus 
according to the present invention comprises casing 1, water 
inlet pipe 11, inlet valve V1 and distributor system 13 which 
are disposed at the top of the apparatus, top discharging pipe 
12 and top discharging valve V2 which are disposed at the 
top of the apparatus for discharging waste Solution after 
regeneration; weak type ion exchange resin (layer) A dis 
posed at an upper portion of casing 1 as upper layer and 
Strong type ion exchange resin (layer) B disposed at a lower 
portion of casing 1 as a lower layer; an upper discharging 
pipe 15 on which an upper discharging valve V3 is provided, 
which is disposed at the upper portion of upper layer A and 
connects with an upper discharging distributor System 14 
disposed in layer A, a lower discharging pipe 17 on which 
a lower discharging valve V4 is installed, which is disposed 
around the boundary Surface of Said layer A and layer B and 
connects with a lower discharging distributor System 16 
disposed in layer B; inlet pipe 19, inlet valve V5 and 
distributor system 18 of regeneration solution which are 
disposed at the bottom of the apparatus in order to introduce 
the regeneration Solution passing through said layers A and 
B; regeneration Solution bottom discharging pipe 21 and 
bottom discharging valve V7 and water outlet pipe 20 and 
water outlet value V6. 
The apparatus according to the present invention is char 

acterized in that a lower discharging means for the regen 
eration is Set around the boundary Surface of the Strong and 
weak resins, namely at a place of 200 mm above the bottom 
surface of strong type resin layer B and 200 mm below the 
top Surface of weak type resin layer B. The total loading 
height of resin in the apparatus of the present invention is 
generally in the range of 10-35 m, accounting for 50-90% 
of the total height of the cylinder part of the apparatus, of 
which the height of week type resin layer A is in the range 
of 0.5-3.0 m and the height of strong type resin layer B is 
in the range of 3.0-0.5 m. 
The apparatus of the present invention Saves backwashing 

System beyond main body, enables the regeneration pipe 
System to carry out backwashing procedure by taking advan 
tages of the regeneration process of the present invention, 
thus resulting in the decrease of apparatus investments and 
Space occupation, and good water quality after treatment. 

Furthermore, in order to Survey the effects of Separation, 
a pipe hole 22 can be additionally Set around the boundary 
Surface of the two types of resins, and in order to Supervise 
the quality of water after treatment, a water Sampling device 
can also arranged around the boundary Surface of resins (not 
shown in the drawing). 
The proceSS for the regeneration of the resins in a fixed 

double-bed type ion eXchange apparatus according to the 
present invention comprises the following Steps. 

Firstly, open top discharge valve V2 and inlet valve V5 to 
Supply a dilute regeneration Solution via pipe 19 to pass it 
through Strong resin layer B and weak resin layer A at a 
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relatively high Speed to backwash, Separate and pre 
regenerate the inactivated resins, the regeneration agents 
used are those currently used in prior art with a concentra 
tion of 0.1-3% by weight and a flow rate of 3-10 m/h. The 
amount of regenerating agents as used during the pre 
regenerating process accounts for 10-90% of the total 
amount of the regenerating agents as used. 

This step has three effects of backwash, Separation and 
pre-regeneration Simultaneously. According to the charac 
teristics of weak type resin and that of Strong type resin, the 
former is easier to be regenerated than the latter. That is, the 
weak type resin is firstly converted into regeneration type, 
the wet true density of which in this case approaches to a 
minimum State, while most of the Strong type resin keeps at 
inactivated State, namely in a State of maximum wet true 
density, thus making maximum difference of wet true den 
sity between Strong and weak resins, resulting in most 
complete Separation. 

Secondly, close valves V2 and V5, Stop Supplying regen 
eration Solution, and discharging waste regeneration 
Solution, enabling it to be kept Statically in the double-bed 
for 1–30 minutes for immersing the resins, resulting in the 
further regeneration of weak type resins So that the Volume 
of the weak resins is further contracted and Sedimented. At 
the same time, the Volume of the Strong type resin expands 
after regeneration with an expansion height capable of filling 
in the Space resulted from the further contraction of weak 
type resin, causing the pressing resin layer above upper 
discharge System 15 to exert an effect of top pressing with 
the results of preventing layer confusing between resin 
layerS and creating good compaction condition for further 
regeneration with or without top pressure. 

Thirdly, open upper discharging Valve V3 to carry out 
counter-flowing regeneration of resins by using regeneration 
Solution with a known regenerating flow rate and 
concentration, of which the concentration of regeneration 
solution is 1-10% by weight and the flow rate is 2-6 m/h. 

According to the present intention, in the third Step, the 
counter-flow regeneration can be conducted without top 
pressing. This can Save the water consumption during water 
top pressing or Save the amount of air needed to preSS during 
air pressing. Of course, this Step can also be conducted by 
conventional top pressing method. 

Fourthly, after the Supplying of regenerating Solution has 
been completed, pure water is introduced continuously via 
pipe 19 to carry out counter-flow replacement washing for 
20-60 minutes. 

Fifthly, wash the resin layer stepwisely by water At first, 
open water fillet valve V1. When the upper air has been 
completely exhausted, open upper discharging valve V3 to 
wash the upper layer resins (referred to as Small washing) 
with a flow rate of 5-15 m/h and a duration of 1-20 minutes. 
Then open lower discharging valve V5 and at the same time, 
close valve V3 to wash intermediate resin layer (referred so 
as intermediate washing) with a flow rate of 5-15 m/h and 
a duration of 5-60 minutes Finally, open bottom discharging 
valve V7 and at the same time, close valve V4 to wash the 
both resin layers (referred to as deep washing) with a flow 
rate of 10–30 m/h and a duration of 5-30 minutes. 

In this step, resin layers are washed Stepwisely, enabling 
the resin layers cleaned more thoroughly, particularly for the 
pollutants absorbed in intermediate resin layer, resulting in 
an improved quality of water after treatment and more 
economical water consumption for Washing. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention will be further explained by the 
following examples. It should be understood that the present 
invention is no limited by these examples. 
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6 
EXAMPLE 1. 

A double-bed type cation eXchange column having a 
diameter of 2 m with a cylinder part having a height of 3 m 
and a total resin height ot 2 m is used, in which 001X7-SF 
Strongly acidic cation-exchange resin having a height of 1.1 
m and D113-SC weakly acidic cation-exchange resin hating 
a height of 0.9 m were loaded. 
According to the process described above, by using 

industrial hydrochloric acid as regeneration agent, 0.9 m of 
industrial hydrochloric acid was prepared into an aqueous 
solution with a concentration of 1.0% by weight as a 
pre-regeneration Solution. Said Solution was flowed 
upwardly to backwash, Separate and pre-generate the resins 
in Said column at a flow rate of 7 m/h. After the Supplying 
of the pre-regeneration Solution had been completed, it was 
kept statically for 20 minutes. Then 0.9 m of industrial 
hydrochloric acid was diluted to prepare an aqueous regen 
eration solution with a concentration of 2.2% by weight to 
regenerate Said resins in the column at a flow rate of 4 m/h. 
After the Supplying of Said regenerating Solution had been 
completed, water was continuously Supplied to replace the 
regeneration Solution for 30 minutes. Finally, the resins were 
washed downwardly by water, including the mall washing 
with a flowing rate of 10 m/h for 5 minutes, intermediate 
wasting with a flowing rate of 10 m/h for 13 minutes and 
deep washing with a flowing rate of 25 m/h for 7 minutes, 
the Specific regeneration loSS ratio was 1.1. 

EXAMPLE 2 

A double-bed type anion eXchange column having a 
diameter of 2 m with a cylinder part having a height of 3 m 
and a total resin height of 2 m, in which 201X7-SF strongly 
basic anion eXchange resin having a height of 0.9 m and 
D301-SC weakly basic anion-exchange resin having a 
height of 1.1 m were load. 

According to the same procedure described in Example 1, 
industrial caustic Soda was used as regeneration agent 0.4 m 
of industrial caustic Soda was diluted to prepare an aqueous 
solution with a concentration of 0.9% by weight as the 
pre-regeneration Solution. Said Solution was Supplied to flow 
upwardly to backwash, Separate and pre-regenerate the 
resins in said column at a flow rate of 5.5 m/h. After the 
Supplying of the pre-regeneration Solution had been 
completed, it was kept Statically in the column for 25 
minutes. Then 0.3 m of industrial caustic soda was diluted 
to prepare an aqueous regeneration Solution with a concen 
tration of 2.0% by weight to regenerate Said resins in the 
column at a flow rate of 3 m/h. After the Supplying of the 
regenerating Solution had been completed, water was con 
tinuously Supplied to replace the regeneration Solution for 30 
minutes. Finally, the resins were washed downwardly by 
water, including the Small washing with a flow rate of 10 
m/h for 5 minutes, intermediate washing with a flow rate of 
10 m/h for 15 minutes and deep washing with a flow rate of 
20 m/h for 8 minutes, the Specific regeneration loSS ratio was 

EXAMPLE 3 

A double-bed type cation eXchange column having a 
diameter of 2.2 m with a cylinder part having a height of 4 
m and a total resin height of 2.6 m was used, in which 
001X7-SP. Strongly acidic cation-exchange resin having a 
height of 1.2 m and D113-SC -weakly acidic cation 
eXchange resin having a height of 1.4 m were loaded. A 
lower discharging means was provided at a location of 0.2 
m above the boundary surface of the resins. 
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According to the same procedure described in Example 1, 
industrial hydrochloric acid was used as regeneration agent, 
1.3 m of industrial hydrochloric acid was diluted to prepare 
an aqueous Solution with a concentration of 1.0% by weight 
as the pre-regeneration Solution. Said Solution was Supplied 
to flow upwardly to backwash, Separate and pre-regenerate 
the resins in said column at a flow rate of 7.5 m/h. After the 
Supplying of the pre-regeneration Solution had been 
completed, it was kept Statically in the column for 25 
minutes- Then 1.2 m of industrial hydrochloric acid was 
diluted to prepare an aqueous regeneration Solution with a 
concentration of 2% by weight to regenerate Said resins in 
the column at a flow rate of 4 m/h. After the Supplying of the 
regenerating Solution had been completed, water was con 
tinuously Supplied to replace the aqueous regeneration Solu 
tion for 40 minutes. Finally, the resins were washed down 
Wardly by water, including the Small washing with a flow 
rate of 10 m/h for 5 minutes, intermediate washing with a 
flow rate of 10 m/h for 20 minutes and deep washing with 
a flow rate of 25 m/h for 10 minutes, the Specific regenera 
tion loss ratio was 1.05. 

EXAMPLE 4 

Use water from river as water Source. 

A double-bed type anion exchange column having a 
diameter of 2.5 m with a cylinder part having a height of 4 
m and-a total resin height of 2.58 m was used, in which 
201X7-SF Strongly basic anion-exchange resin having a 
height of 1.0 m and D301-SC weakly basic anion-exchange 
resin having a height of 1.58 m were loaded. A lower 
discharging means was provided around the boundary Sur 
face of the resins. 

According to the same procedure described in Example 1, 
industrial caustic Soda was used as regeneration agent 0.6 m 
of industrial caustic Soda was diluted to prepare an aqueous 
solution with a concentration of 0.9% by weight as the 
pre-regeneration Solution. Said Solution was Supplied to flow 
upwardly to backwash; Separate and pre-regenerate the 
resins in said column at a flow rate of 5 m/h. After the 
Supplying of the pre-regeneration Solution had been 
completed, it was kept Statically in the column for 15 
minutes Then 0.5 m of industrial caustic soda was diluted 
to prepare an aqueous regeneration Solution with a concen 
tration of 2.0% by weight to regenerate Said resins in the 
column at a flow rate of 3.5 m/h. After the Supplying of the 
regenerating Solution had been completed, water was con 
tinuously Supplied to replace the regeneration Solution for 25 
minutes. Finally, the resins were washed downwardly by 
water, including the Small washing with a flow rate of 10 
m/h for 5 minutes, intermediate washing with a flow rate of 
10 m/h for 15 minutes and deep washing with a flow rate of 
20 m/h for 5 minutes, the Specific regeneration loSS ratio was 
1.25 and COD removal ratio was 61% and a COD regen 
eration elusive ratio was 98%. 

EXAMPLE 5 

Use earth's Surface water as water Source. 

A double-bed type cation eXchange column having a 
diameter of 2 m with a cylinder part having a height of 3.2 
m and a total resin height of 2.0 m was used, in which 
001X7-SP. Strongly acidic cation-exchange resin having a 
height of 1.45 m and D113-SC weakly acidic cation 
eXchange resin having a height of 0.55 m were loaded. A 
lower discharging means was provided at a location of 0.5 
m below the boundary surface of the resins 
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8 
According to the same procedure described in Example 1, 

industrial concentrated Sulfuric acid was used as regenera 
tion agent 0.5 m of industrial concentrated Sulfuric acid was 
diluted to prepare an aqueous Solution with a concentration 
of 1.0% by weight as pre-regeneration Solution. Said Solu 
tion was Supplied to flow upwardly to backwash, Separate 
and pre-regenerate the resins in Said column at a flow rate of 
8 m/h. After the Supplying of the pre-regeneration Solution 
had been completed, it was kept Statically in the column for 
5 minutes Then 0.5 m of industrial concentrated sulfuric 
acid was diluted to prepare an aqueous regeneration Solution 
with a concentration of 2% by weight to regenerate the 
resins in said column at a flow rate of 4 m/h. After the 
Supplying of the regeneration Solution had bee completed, 
water was continuously Supplied to replace the regeneration 
solution for 30 minutes. Finally, the rests were washed 
downwardly by water, including the Small washing with a 
flow rate of 10 m/h for 5 minutes, intermediate washing with 
a flow rate of 10 m/h for 12 minutes and deep washing with 
a flow rate of 25 m/h for 5 minutes, the Specific regeneration 
loSS ratio was 1.1. 

EXAMPLE 6 

Use earth's Surface water as water Source. 

A double-bed type anion eXchange column having a 
diameter of 2.0 m with a cylinder part having a height of 5 
m and a total resin height of 3.2 m was used, in which 
201X7-SF Strongly basic anion-exchange resin having a 
height of 14 m and D301-SC weakly basic onion-exchange 
resin having a height of 18 m were loaded. A lower dis 
charging means was provided at a location of 0.4 m below 
the boundary Surface of the resins. 

According to the same procedure described in Example 1, 
industrial caustic Soda was used as regeneration agent. 0.5 
m of industrial caustic Soda was diluted to prepare an 
aqueous Solution with a concentration of 1.0% by weight as 
the pre-regeneration Solution. Said Solution was Supplied to 
flow upwardly to backwash, Separate and pre-regenerate the 
resins in said column at a flow rate of 6.5 m/h. After the 
Supplying of the pre-regeneration Solution had been 
completed, it was kept Statically in the column for 15 
minutes. Then 0.55 m of industrial caustic soda was diluted 
to prepare an aqueous regeneration Solution with a concen 
tration of 2.0% by weight to regenerate Said resins in the 
column at a flow rate of 4 m/h. After Supplying of the 
regenerating Solution had been completed, was continuously 
Supplied to replace the regeneration on for 50 minutes. 
Finally, the resins were washed down by water, including the 
small washing with a flow race of 10 m/h for 5 minutes, 
intermediate was flowing with a flow rate of 10 m/h for 35 
minutes and deep washing with a flow rate of 25 m/h for 8 
minutes, the Specific regeneration loSS ratio was 1.20 and 
COD removal ratio was 68% and a COD regeneration 
elusive ratio was 99%. 

Industrial Applicability of the Invention 
The process and apparatus for the regeneration of ion 

eXchange resins in a fixed double-bed type apparatus of the 
present invention can be used in the ion-exchange water 
treatment field. 
What I claimed is: 
1. A process for the regeneration of the resins in a fixed 

double-bed type ion exchange resin apparatus having an 
upper resin layer Selected from the group consisting of a 
weak acidic resin layer and a weak basic resin layer, Said 
upper resin layer having an upper portion, and lower resin 
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layer Selected from the group consisting of a strong acidic 
resin layer and a strong basic resin layer, comprising the 
Steps of 

(1) Supplying a dilute regeneration Solution comprising at 
least one regeneration agent to flow upwardly from the 
bottom of Said double-bed apparatus to backwash-pre 
regenerate Said upper resin layer and Said lower resin 
layer, and discharging Said regeneration Solution from 
the top of the apparatus, wherein the concentration of 
Said regeneration agent in Said regeneration Solution is 
from 0.1-3% by weight and the flow rate thereof is 
3-10 m/h and wherein the amount of Said regeneration 
agent used in this step is 10-90% by weight of the total 
amount of Said regeneration agent; 

(2) stopping the discharge of the regeneration Solution 
after said 10-90% of the regeneration agent is supplied 
and Statically keeping the remaining regeneration Solu 
tion in the apparatus for 1–30 minutes, 

(3) causing said remaining regeneration Solution to flow 
upwardly from the bottom of the apparatus to the top of 
the apparatus to regenerate Said upper resin layer and 
Said lower resin layer, and discharging the used remain 
ing regeneration Solution from the upper portion of Said 
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upper resin layer in the apparatus, wherein the concen 
tration of Said regeneration agent in Said regeneration 
Solution is 1-10% by weight and the flow rate is 2-6 
m/h; 

(4) flowing pure water upwardly from the bottom of the 
double-bed apparatus to the top of the double-bed 
apparatus for 20 to 60 minutes to replace the regenera 
tion Solution; and Subsequently 

(5) flowing pure water downwardly through the apparatus 
to wash firstly the resins in the upper portion of Said 
upper resin layer and discharging the used water 
therefrom, then Washing Said upper resin layer with 
water and discharging the used water from a location 
200 mm above the boundary surface of the upper resin 
layer and 200 mm below the surface of the lower resin 
layer, and finally Washing the whole double-bed appa 
ratus with water. 

2. The regeneration process of claim 1, wherein back 
Washing Said lower resin layer and Said upper resin layer is 
carried out Simultaneously with the pre-regeneration of Said 
upper resin layer and Said lower resin layer. 

k k k k k 
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In column 3, line 48, insert -- in - - after "resulting" 
In column 3 line 50, change "statically" to -- statical -- . 
In column 3 line 33 change "Firstly" to -- First --. 
In column 3 line 44 change "Secondly" to -- Second--. 
In column 3, line 50, change "Thirdly" to -- Third--. 
In column 3 line 55, change "Fourthly" to - - Fourth --. 
In column 3 line 59 change "Fifthly" to -- Fifth - -. 
In column 3 line 64, change "Sixthly" to -- Sixth--. 
In column 4 line 1 change "Seventhly" to -- Seventh - -. 

In column 3. line 45, delete "still" 
In column 3 line 45, change "its" to -- in their --. 
In column 4 line 60, change "also arranged" to -- also be arranged --. 
In column 4 line 65, change "Firstly" to -- First --. 
In column 5 line 18, change "Secondly" to -- Second - -. 
In column 5 line 32 change "Thirdly" to --Third - -. 

  



UNITED STATES PATENT ANDTRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

Page 2 of 4 PATENT No. : 5,955, 510 age Z o 
DATED ; Sep. 21, 1999 
INVENTOR(S) : Tingsheng Wang 

It is certified that error appears in the above-identified patent and that said letters Patent is hereby 
Corrected as shown below: 

In Column 4. line 44. change "10-35" to -- 1.0-3.5 m -- 
In column 5. line 51, change "V5" to -- V4--. 
In Column 8, line 29, change "14" to -- 1.4 - - 
in column 1. line 16, insert -- to-- after "referred" 
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